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ABSTRACT
It is well known that the isothermal compression is an ideal process to consume least power for compressor. The
isothermal compression can't be really reached, but can be approached by decreasing the discharge temperature
during compression. For this purpose, a cooling system has been built in the paper.
Firstly, an innovative circulation system has been built to absorb the heat generated by compression, which is
segregated from the refrigeration circulation system. The principle and the structure are introduced. Then, the
experimental has been conducted. Based on the experimental, the following results has be obtained: The cooling
capacity increased by 1.3%; for the experimental condition, discharge temperature of the gas reduced by 10℃, input
power reduced by 4.1%, and COP increased by 5.2%.

1. INTRODUCTION
Rotary compressor that features compact structure and simple production has been wildly used in residential air
conditioner, which is shown in Figure 1. With the high requirement of the environmental friendly and saving energy,
it is very important to improve the efficiency of the air-conditioner and choice the proper alternative refrigerants.
During the process of the compression in rotary compressor, the massive heat is generated in company with the
increasing the pressure of the gas. If the heat is removed from the compressor, the compressor power consumption
and the discharge temperature can be reduced; the efficiency of the motor and the reliability of the compressor can
be improved as well. Especially, for the high temperature environmental condition, high-speed operation in inverter
system, or natural refrigerants such as R32, R290 and etc, the high discharge temperature is a big risk for the
reliability of the compressor.
For the ideal working cycle of the compressor as shown in figure 2, the compression process is usually taken as
isentropic process. If we can find the way to remove all the heat, the isothermal process can be obtained. In Figure 2,
the shaded area shows the saved work for the isothermal process compared with the isentropic.
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Figure 1: Rotary compressor

Figure 2: the ideal working cycle of the compressor

The isothermal process, which is an ideal process, can't be really reached, but can be approached by decreasing the
discharge temperature during compression.
[1] One approach is cooling the motor by external means other than using the suction gas, and limited improvement
is observed by Wang et al. Approach to make the compression process isothermal by transferring heat from the
compressor chamber is also researched theoretically. In this way, it’s easy to effectively lower the compressor power
and reduce the discharge temperature. But there isn’t any experimental and practical measure to be induced and
developed.
[2] The Liquid Flooded Ericsson Cooler (LFEC) is a gas refrigeration cycle that uses liquid flooding of both the
compressor and the expander to achieve nearly isothermal compression and expansion processes as developed by
Hugenroth et al. it’s very complicated and wet compression can be avoid.
In this paper, an innovative circulation system has been built to absorb the heat generated by compression, which is
segregated from the refrigeration circulation system. The principle and the structure are introduced. And the
experimental has been conducted.

2. Development of the Cooling System For Rotary Compressor
Compressor cooling technologies can be beneficial for lowering the compressor power consumption and the
discharge temperature. An automotive cooling cycle has been built as shown in Figure 3. The main air-conditioning
cycle is driven by compressor, while the cooling cycle is driven by the heat emission from the compressor. A closed
chamber is set inside of the compressor, two tubes through the case are connected the chamber with the heat
exchanger outside of the compressor. The cooling cycle is individual from the main air-conditioning cycle, so the
refrigerant in cooling cycle can be any suitable one. No refrigerant is exchanged between the main air-conditioning
cycle and the cooling cycle. The heat exchanger outside of the compressor must be set higher than position of the
closed chamber inside of the compressor, so liquid can flow to the closed chamber by gravity, the liquid becomes
vapor by absorbing the heat, the vapor come to heat exchanger to condensate to liquid, then the liquid comes to the
closed chamber, and circulate like this.
The P-h diagram is shown as Figure 4. The circulation of main air-conditioning cycle without cooling cycle is 1-2’3-4-1, the consume power equals (h2’-h4). The circulation of main air-conditioning cycle with cooling cycle is 1-23-4-1, the consume power equals (h2-h4), the (h2-h4) is much smaller than the (h2’-h4), so the power consumption
can be reduced by the cooling cycle.
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①air-conditioning cycle,②cooling cycle,③compressor,
④condenser,⑤expansion valve,⑥evaporator,⑦heat exchanger
Figure 3: the Cooling System For Rotary Compressor

Figure 4: P-h diagram

Because the isothermal compression can’t be really reached, the isentropic-isothermal process has been induced.
The simplified calculation is conducted for the ideal cycle. For R410A system, the P-V diagram and the P-h are
shown in Figure 5 and Figure 6, respectively. The isentropic process is shown as 1-1’-2, and the isentropicisothermal process is shown as 1-1’-2’. The ideal power consumption for is 1-1’-2

w2 = h2 − h1 = 492.1 − 452.5 = 39.6(kj / kg )
The isentropic - isothermal process means 1-1’ is the isentropic process and 1’-2’ is the isothermal process.

p1′ = 1.46 MPa
h1′ − h1 = 12.1(kj / kg )
w1 = 35.47(kj / kg )
Compare to the isentropic process, the saving power consumption of isentropic-isothermal process can be calculated
as

η=

w2 − w1
39.6 − 35.47
× 100% =
× 100% = 10.43%
w2
39.6

So, for R410a system, the isentropic-isothermal process can save 10.4% power consumption, compare to the
isentropic process.
Table 1: Parameters of standard condition
Evaporating temperature

Condensing temperature

Suction temperature

Temperature before expansion valve

t s (℃)

t d (℃)

t1 (℃)

t 3 (℃)

7.2

54.4

35

46.1
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Figure 5: P-V diagram

Figure 6: P-h diagram

3. Experiment of the Cooling System For Rotary Compressor
The experiment has been conducted as Figure 7. A closed chamber is set inside of the cylinder as Figure 8. The
closed chamber is connected with a heat exchanger outside of the compressor. The heating on the closed chamber
and the gravity of the liquid inside the exchanger are driving circulation of the cooling system.
The working condition is based on the ASHRAE/T condition as Table 1. The results are shown as Table 2. Because
of the reduction of the heating for the suction, the cooling capacity is improved 1.3%. Because of the cooling for the
cylinder, the temperature of the discharge is reduced 10%, temperature of the case is reduced 18℃, power
consumption reduced 4.1% and cop improved 5.2%.
For this experiment, a fan hasn’t been used to improve the performance of the exchanger for cooling system. If a fan
can be used, the effect of the cooling system would be more obvious.
Table 2: Page margins for manuscripts
Cooling capacity
W
5326.1
With cooling system
Without cooling system 5258

Power consumption
W
1657
1727

Current
A
3.21 7.76
3.05 9.16

COP

Temperature
of the case ℃
82
100.4
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Figure 7: the experimental

Figure 8: cylinder with a closed chamber

4. Conclusions
Because the isothermal compression can’t be really reached, the isentropic-isothermal process has been induced.
Based on the simplified calculation, for R410a system, the isentropic-isothermal process can save 10.4% power
consumption, compare to the isentropic process.
A practical cooling system has been induced. And experiment has been conducted. The experiment shows the
cooling system can be working automatically. The effects are very remarkable: The cooling capacity increased by
1.3%; for the experimental condition, discharge temperature of the gas reduced by 10℃, input power reduced by
4.1%, and COP increased by 5.2%.
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